Introduction
We have recently demonstrated [OurScience] a giant electrocaloric (EC) effect in thin film PbZr 0.95 Ti 0.05 O 3 (PZT) [Sawaguchi] , with a peak T = 12 K at 226 o C.
This high working temperature could permit cooling applications in the automotive, aerospace or food industries, but a lower working temperature would open up many more possibilities, e.g. on-chip refrigeration. Lower temperatures are also attractive because thin films fatigue less quickly and possess higher breakdown fields. Here we demonstrate an EC effect in 0.9 PbMg 1/3 Nb 2/3 O 3 -0.1 PbTiO 3 (0.9 PMN-0.1 PT) [Smolensky] films that peaks at the significantly lower temperature of 75 o C.
Relaxor ferroelectrics could be attractive for cooling applications for three reasons. Firstly, some/many/most/all relaxor films such as 0.9 PMN -0.1 PT show pronounced pyroelectricity [ChoiBhalla, DavisSetter] , suggesting that the converse EC effect is strong. Secondly, phase transitions in relaxors are broad so the range of operating temperatures is wide. Thirdly, relaxors show low hysteresis losses.
However, the potential for relaxor ferroelectric films in cooling applications has not been considered.
PbMg 1/3 Nb 2/3 O 3 -PbTiO 3 thin films
The PMN-PT family, based on the relaxor PMN [Smolensky] , has already been proposed for many applications [YeShirane, ChoiBhalla, ViehlandLi, DavisSetter] . [YeShirane] .
Bulk 0.9 PMN -0.1 PT is a rhombohedral (pseudocubic) relaxor ferroelectric at room temperature [YeShirane, ZekriaGlazer] . On heating above T C~6 0ºC, this structure transforms to a cubic paraelectric phase [Smolensky, YeShirane, ZekriaGlazer] . Because the material is a relaxor, the corresponding peak in the dielectric constant is frequency dependent [Smolensky] , and broad due to microscopic inhomogenities [Smolensky, ChoiBhalla] . The pyroelectric properties of PMN ceramics under high DC bias fields have been studied for thermal IR detector applications [WhatmorePyro] . There is no data for PMN-PT thin films at the temperatures and high electric fields of interest, the EC effect could not be predicted from the literature. 
Results and interpretation
Electrical hysteresis measurements were made roughly every T=10 However, we show below that this is sufficient to produce a giant EC effect. The real part of the dielectric constant ε measured on cooling has a broad peak at T C =60 o C associated with the ferroelectric-paraelectric transition (Fig. 1, upper inset) . This broadness is typical of relaxors due to microscopic inhomogeneity. It is also typical of thin films due to interfacial strain, scalar concentration gradients, or other forms of microscopic variability [Smolensky, Jim] .
Reversible adiabatic temperature changes T due to an applied electric field E, for a material of density  with heat capacity C are given [Tuttle] by:
Values of P/T were obtained from 6 th order polynomial fits to P(T) data (Fig. 2, inset) . Fatigue may only reduce our values of |P/T| since the data were taken on cooling such that P increased in successive hysteresis measurements. In the temperature range of interest, the heat capacity C = 120 J mol -1 K -1 remains sensibly constant or even decreases at low temperatures [GorevHeatCap] . We note that assuming a constant value of C despite a~50% peak [Tuttle] 
Leakage current was measured at T Peak = 75 o C under our maximum value of E=895 kV cm -1 (Fig. 1, lower inset ). Reliable measurements were not possible beyond 10 ms, at which time the leakage current has fallen to 4 A. However, the graph shows that transient currents continue to fall at this measurement time. Therefore 4 A represents an upper bound on the steady-state leakage current. A current of this magnitude generates a Joule heating of 0.1 K over one quarter of a cycle. This is negligible compared with the peak EC effect of 5 K.
We have demonstrated here a giant EC effect in the relaxor ferroelectric 0.9 PMN -0.1 PT. The effect peaks at 75 o C, which is nearer to room temperature than the giant peak found for PZT at 226 o C [OurScience] . Reducing the PT content in PMN-PT is known to reduce the ferroelectric transition temperature to~0 o C in pure PMN [Smolensky] . This suggests a means by which to achieve significant EC effects at even lower temperatures. 
